Facial expressions are a critical mode of non-vocal communication for many mammals, particularly non-human primates. Although chimpanzees ( Pan troglodytes ) have an elaborate repertoire of facial signals, little is known about the facial expression (i.e. mimetic) musculature underlying these movements, especially when compared with some other catarrhines. Here we present a detailed description of the facial muscles of the chimpanzee, framed in comparative and phylogenetic contexts, through the dissection of preserved faces using a novel approach. The arrangement and appearance of muscles were noted and compared with previous studies of chimpanzees and with prosimians, cercopithecoids and humans. The results showed 23 mimetic muscles in P. troglodytes , including a thin sphincter colli muscle, reported previously only in adult prosimians, a bi-layered zygomaticus major muscle and a distinct risorius muscle. The presence of these muscles in such definition supports previous studies that describe an elaborate and highly graded facial communication system in this species that remains qualitatively different from that reported for other non-human primate species. In addition, there are minimal anatomical differences between chimpanzees and humans, contrary to conclusions from previous studies. These results amplify the importance of understanding facial musculature in primate taxa, which may hold great taxonomic value.
Introduction
The study of facial expressions and communication has a rich history from Duchenne (1862) to Darwin (1872) and through to the present (e.g. Ekman, 1973; Ekman & Oster, 1979; Kaiser, 2002) . Darwin (1872) , in particular, stressed the importance of comparing facial expressions among humans and other mammals in order to understand the evolution of non-vocal communication systems. Additionally, he posited that the means for expressing emotion through movements of the face may be similar among humans and other mammals, particularly among the primates. However, there is very little research that has actually attempted to compare the facial expression musculature (mimetic musculature) among primates. This is a particularly important endeavour, as the majority of the literature, although old, adopts a hierarchical ascending phylogenetic model that proposes that as species get more closely related to humans, their communicative facial repertoire and underlying facial musculature become more elaborate (Gregory, 1929; Huber, 1931) .
The muscles of facial expression are branchiomeric in origin and are innervated by the seventh cranial nerve (Young, 1957 (Young, , 1962 Walker & Liem, 1994) . These muscles generally serve to move the vibrissae, change the sizes of the oral, orbital and nasal openings, aid in nutrient intake, and function in chemoception, olfaction and audition, and, in non-mammalian orders (excluding Aves), change the size of the gill openings and aid in opening the mouth (Huber, 1930a,b; Young, 1962) . In Osteichthyes and Chondrichthyes, these muscles are primarily organized as sphincters to aid in elevation of the mandible and in constriction of the pharynx and gills (Gregory, 1929; Walker & Liem, 1994) . In lower eutherian mammals, such as the Perissodactyla and Artiodactyla, the facial expression musculature is relatively simple in its attachments into the dermis and pinna, is relatively flat and undifferentiated, and is few in number (Sisson, 1921) . However, in higher eutherian mammals, especially primates, this musculature is additionally used in transmitting close-proximity social information such as emotional states, territorial intentions, and mate and individual recognition, and is used in a variety of agonistic and conciliatory displays (Darwin, 1872; Huber, 1930a Huber, ,b, 1931 van Hooff, 1962; Andrew, 1963; Bearder et al. 1995; Preuschoft & van Hooff, 1995; Schmidt & Cohn, 2001; Parr et al. 2002 Parr et al. , 2005 . Indeed, it has been argued that primate facial musculature has been shaped by natural selection specifically to aid communication among individuals (Huber, 1931) . However, in contrast to the literature describing facial displays in primate species, the literature describing and comparing the anatomy of the facial muscles is surprisingly sparse. For example, the facial expressions of the chimpanzee ( Pan troglodytes ), in particular, have received much attention from behavioural scientists (e.g. Marler, 1965 Marler, , 1976 van Hooff, 1972 van Hooff, , 1973 Goodall, 1986; Parr, 2003; Parr et al. 2005) , and yet detailed facial dissections are lacking in the literature.
Our understanding of primate mimetic musculature has traditionally been rooted in a phylogenetic context. For example, it is traditionally held that the most primitive primates, the prosimians, have the least complex arrangement of facial expression musculature, consisting of large, relatively undifferentiated sheets of muscle that perform relatively gross, non-specific functions (Huber, 1931; Schultz, 1969) . As one moves up the phylogenetic hierarchy toward Homo sapiens , it is held that the number of muscles increases at the level of each taxon and that their function in moving specific facial regions increases as social networks become more intricate (Huber, 1930a (Huber, ,b, 1931 van Hooff, 1962; Schultz, 1969; Preuschoft, 2000) . The primate taxa traditionally held to have the least complex (structurally and functionally) facial expression musculature are nocturnal -the lemurs (except for the diurnal Lemur , Varecia , and the indriids and the cathemeral Eulemur and Hapalemur ) and lorises (Murie & Mivart, 1872; Ruge, 1885; Gregory, 1929; Huber, 1931; Lightoller, 1934; Seiler, 1975) , while the almost entirely diurnal Anthropoidea are held to have the most complex facial expression musculature and social systems, with Homo sapiens at the apex (e.g. Lightoller, 1928; Gregory, 1929; Huber, 1931 Huber, , 1933 Schultz, 1969; Pellatt, 1979a,b; Preuschoft, 2000; Stranding, 2004) .
Our best understanding of primate facial expression musculature comes from the hominines (the African apes), especially from Homo . Gorilla musculature has been described, but only superficially, by Huber (1931) and Raven (1950) . The muscles presented in these accounts are either partially unlabelled and/or not described in the text. Indeed, Huber (1931) used only juveniles in his description. A similar situation exists in
Pan troglodytes (Sonntag, 1923; Huber, 1931; Pellatt, 1979b Gibbs et al. (2002) reviewed the existing literature on hominoid softtissue anatomy. The section dealing with the muscles of facial expression was scanty but represented the published accounts to date on all hominoids.
Recent studies have questioned the validity of the traditional 'phylogenetic model' of the complexity of primate facial expression musculature and primate facial displays. For example, Burrows & Smith (2003) found greater complexity in the facial muscles of Otolemur (the greater bushbaby) than phylogenetic models would predict (see also Murie & Mivart, 1872) . Sherwood et al. (2003 Sherwood et al. ( , 2005 examined the facial nucleus of the brainstem in a variety of primate taxa and found a number of specializations at each taxonomic level, revealing that there is no simple increase in complexity as the phylogenetic scale is ascended towards Homo .
Although conceptualizing primate facial musculature complexity among taxa using the traditional 'phylogenetic model' (Gregory, 1929; Huber, 1931) may not be a completely useful tool, an accurate rendering of facial musculature among primate taxa could be a crucial piece of evidence in considering primate evolution ( sensu Gibbs et al. 2002) . As the chimpanzee is held by many to be the most closely related extant primate to humans (e.g. Groves, 2001; McBrearty & Jablonski, 2005 ; The Chimpanzee Sequencing & Analysis Consortium, 2005) , their anatomy and behaviour are often a focus in efforts to comprehend the processes and mechanisms involved in evolution of contemporary
Homo (e.g. Hopkins et al. 1993; Fagot & Bard, 1995; Gibbs et al. 2002; Bard, 2003; Boesch, 2003; Hicks et al. 2005; Pika et al. 2005) . The communicative repertoire of the chimpanzee is among the most fully developed of any non-human primate (Goodall, 1986; Parr & de Waal, 1999; de Waal, 2000) . However, there are virtually no studies that fully describe the facial musculature in detail. An understanding of the facial musculature of P. troglodytes may help not only to further our understanding of chimpanzee social behaviour but also to further our understanding of the relationship between Pan and Homo , the significance of facial expression in their respective social systems, and the evolution of facial expression as a means of communication among primates in general.
Materials and methods
The preserved faces from two adult male Pan troglodytes were used in the present study. formalin. The YPRC specimen tissue was removed as one complete mask directly from the head in one large section but only the right side of the face was collected for this study. The head from the YPRC specimen was preserved in 10% buffered formalin and the face that was removed from this specimen was preserved in the same manner after it was removed.
In the YPRC sample, a midline incision was made over the frontal, nasal and oral regions. Because the brain and most of the calvaria had been previously removed, a midline incision over the scalp and down toward the dorsal cervical region had already been made. From this point, the right side of the face was separated from the left side. All skin, superficial fasciae and superficially located facial expression musculature were dissected away from the more deeply situated facial expression musculature, the buccinator muscle, the masticatory musculature and the bone using no. 11, 12 and 21 scalpel blades and a variety of dissection tools.
Care was taken to remove as much superficial facial musculature as possible with the skin and fascia, leaving behind on the skull only those portions of the muscles that had firm bony attachments, such as the origin of the orbicularis oris muscle and the origin of the deep head of the zygomaticus major muscle. Thus, a 'face mask' was created that was separate from the skull.
Using this novel approach is more conservative than attempting to filet the skin away from the facial musculature and preserves more superficially located muscles that might be lost in removing the skin from the musculature. In addition, it provides the most complete possible picture of muscle attachments by keeping superficial portions attached to the skin and deeper portions attached to the skull (see Burrows & Smith, 2003) . Thus, the CMZ specimen was only available as a facial mask while the YPRC specimen was available as both the mask plus the deeper portions that were still attached to the skull. However, many superficially located muscle attachments, such as the zygomaticus major muscle attachment into the orbicularis oris muscle, were preserved in the CMZ specimen.
The face masks were allowed to dry for 15-30 min in order to have the best possible differentiation among muscle, fasciae and other connective tissue. All fasciae and other connective tissue were removed with a variety of dissection tools so that each muscle was identifiable from surrounding muscles and fasciae, and such that its attachments could be clearly seen (see supercilli muscle and the zygomaticus major muscle), such that the scalpel blade frequently had to be used to free the muscle fascicles from the overlying fascia. The more superficially located muscles (such as the superficial head of the occipitalis muscle, the zygomaticus minor muscle and the risorius muscle) were frequently intermingled with fascia. The remaining muscles were robust, attached to discrete portions of the dermis or cartilaginous pinna, skull and/or into other muscles.
In general, the muscles associated with the scalp and pinna were fairly gracile whereas the muscles associated with the oral region were the thickest and largest.
Muscles associated with the orbital region were intermediate in size (see Figs 2-6).
Individual muscles (see Table 1 This muscle is consistently noted in the prosimian primates but has not been described for anthropoids.
Here, there is a thickened layer of the superficial fascia along the lateral portion of the face stretching from the region of the oral commissure to the inferior border of the mandible, passing caudally to the skin of the region of the mandibular ramus. The fibres here are fleeting and sparse, located superficial to the platysma muscle.
Occipitalis muscle, superficial head (Figs 1, 2 and 4)
This is a small, flat muscle embedded within the superficial fascia associated with the occipital region.
Horizontal fibres pass from the fascia in the occipital region to the deep head of the occipitalis muscle, to which it fuses. Where the superficial head terminates over the calvaria, the galea aponeurotica begins. Pellatt (1979b) described this muscle as only a thin, fibrous sheet, but it is a quite distinct, muscular structure in the specimens studied here. As noted by Pellatt (1979b) , this is a thick, robust muscle deep to the platysma muscle and the superficial head of the occipitalis muscle. It has an extensive bony origin from the superior nuchal crest immediately lateral to the trapezius muscle but medial to the posterior auricularis muscle. It passes inferolaterally, deep to the platysma muscle, to which it fuses. Sonntag (1923) described only a single occipitalis muscle, attaching to the bony landmarks corresponding to those found here for the deep head.
Frontalis muscle (Figs 1 and 2)
This is a flat, very thin sheet of muscle composed of fibres that run from a caudal attachment at the galea Muscle Attachments platysma occipitalis superficial m., modiolus, inferior aspect of orbicularis oris m., skin inferior to pinna back to occipital region and forward to zygomatic arch region and ventrally over the neck sphincter colli fleeting fibres from oral commissure and slightly inferior to region of opening for ear canal over the area of the mandibular ramus occipitalis (superficial belly) fleeting fibres mixed with superficial fascia, attached to the skin of the posterolateral scalp and to the platysma muscle and the occipitalis muscle deep belly occipitalis (deep belly) large robust fibres from the superior nuchal crest next to the insertion of the trapezius muscle to attach into the deep surface of the caudal fibres of platysma muscle frontalis galea aponeurotica of the scalp to the skin of the superciliary region as a flat sheet anterior auricularis anterolateral portion of scalp to the auricular cartilage near the junction of the helix and antihelix as one large fan of fibres the auricular cartilage near the base of the antihelix as a broad, flat sheet posterior auricularis from the occipital bone at the superior nuchal crest to the posteiror portion of the pinna at the base of the antihelix as one robust set of fibres tragicus skin over the lateral aspect of the midface close to the zygomatic arch region and the tragus orbicularis occuli gracile, sphincter-like fibres attached to the skin of the eyebrow, eyelid, and around orbital opening (orbital part); attached to zygomaticus minor, levator labii superioris, and depressor supercilli muscles and to the frontal and lacrimal bones via the medial palpebral ligament corrugator supercilli deep to orbicularis occuli muscle fibres; attached to skin of superciliary region and to medial portion of the bony orbit near the palpebral ligament depressor supercilli on same level with corrugator supercilli m.; attached to skin over lateral aspect of nose, medial to orbicularis occuli muscle, to skin of medial portion of eyebrow proce on same level with orbicularis occuli m and deep to depressor supercilli m.; attached to skin over lateral aspect of nose, medial to orbicularis occuli muscle, to skin superior to eyebrow zygomaticus major by two heads: deep head from lateral portion of zygomatic arch; superficial head from skin over zygomatic arch; heads join about half of the way down and attach into orbicularis oris muscle at the modiolus zygomaticus minor small fibres from skin superficial to zygoma and from the lateral portion of orbicularis occuli muscle to orbicularis oris muscle, medial to zygomaticus major muscle levator labii superioris large set of flat fibres from skin of midface and from the inferior fibres of orbicularis occuli muscle to skin of upper lip lateral to insertion of levator labii superioris alaeque nasi muscle and to the orbicularis oris muscle levator labii superioris alaeque nasi medial to levator labii superioris muscle, from medial part of the bony orbit to skin of upper lip just medial to insertion of levator labii superioris muscle and to this muscle itself depressor septi small set of fibres from skin around the nares to the orbicularis oris muscle caninus deep to levator labii superioris muscle; wide, flat set of fibres from maxilla to skin of upper lip and orbicularis oris muscle risorius fleeting horizontal fibres attached to the orbicularis oris muscle to skin over inferolateral portion of face; superficial to and separate from platysma muscle orbicularis oris multilayered set of sphincter fibres attached to the alveolar margins of the maxilla and mandible and to the skin of the lips; attachments to levator labii superioris alaeque nasi, levator labii superioris, caninus, and zygomaticus major and minor muscles superiorly and to platysma, risorius, mentalis, and depressor anguli and labii inferioris muscles inferiorly depressor anguli oris superficial to mentalis platysma muscles; from inferior portion of orbicularis oris muscle near the modiolus to skin near inferior border of mandible depressor labii inferioris superficial to mentalis and platysma muscles; from inferior border of orbicularis oris muscle to skin near inferior border of mandible mentalis short, thick fibres superficial to platysma muscle attached to inferior portion of orbicularis oris muscle and to the skin over the mental region aponeurotica to a cranial attachment into the skin associated with the superciliary region, just caudal to the eyebrow. These fibres are separated from the superior edge of the orbicularis occuli muscle by a narrow cleft, contrasting with the findings of Sonntag (1923) . The frontalis muscle is superficial to the corrugator and depressor supercilli muscles but on the same level as the orbicularis occuli muscle.
Anterior auricularis muscle (Figs 1 and 2)
This is a flat, fan-shaped set of fibres that passes inferolaterally from the skin over the lateral margin of the orbit to the cartilaginous pinna at the anterior portion of the junction between the helix and antihelix.
Superior auricularis muscle (Figs 1, 2 and 4)
This is a flat but thick collection of expansive fibres from the skin of the superolateral portion of the scalp.
These fibres run inferolaterally to the superior portion of the junction between the helix and antihelix. Pellatt (1979b) described the anterior and superior auricularis muscles as appearing to be one large sheet of muscle attaching to the pinna in a nearly convergent manner.
However, in the present specimens they are distinct muscles separated by fascia and attaching to the pinna at distinct points. It lies superficial to the corrugator and depressor supercilli muscles but is on the same level as the procerus muscle. Inferiorly, it is attached to the levator labii superioris muscle; medially, it is attached to the levator labii superioris alaeque nasi muscle; laterally it bears an attachment to the zygomaticus minor muscle. The depressor is a set of vertically orientated fibres located medial to the corrugator supercilli muscle, attaching inferiorly to the skin over the nasal bone and ascending to attach into the skin of the medial portion of the eyebrow. This muscle lies deep to the procerus muscle and was not described by Pellatt (1979b) .
Procerus muscle (Figs 1 and 5) The procerus is a flat, thin and vertically orientated sheet of fibres passing from an inferior attachment to the skin over the nasal bone, but slightly lateral to the depressor supercilli muscle. It attaches superiorly to the skin over the frontal bone, superior to the eyebrow but stopping inferior to the frontalis muscle. This muscle is grossly similar to that illustrated in Pellatt (1979b) .
Zygomaticus major muscle (Figs 1-3 and 6)
Unlike in previous descriptions (Sonntag, 1923; Pellatt, 1979b) This muscle lies medial to the zygomaticus major muscle and is a highly gracile, superficially located collection of fibres. It is attached superiorly to the skin over the zygoma near its junction with the zygomatic arch. Here, it is attached to the orbicularis occuli muscle but is clearly a distinct muscle. Inferiorly, it is attached to the orbicularis oris muscle at the medial edge of the attachment for the zygomaticus major muscle. It is described in Pellatt (1979b) as incipient, being merely part of the orbicularis occuli muscle.
Levator labii superioris muscle (Figs 1 and 6) This is a large, flat muscle taking up most of the midface. It has a broad superior attachment to the orbicularis occuli muscle and to the skin over the maxilla.
Inferiorly it attaches into the skin of the upper lip and into the orbicularis oris muscle, between the levator labii superioris alaeque nasi and the zygomaticus minor muscles.
Levator labii superioris alaeque nasi muscle (Figs 1 and 6)
This narrow muscle is composed of vertically orientated fibres medial to the levator labii superioris muscle.
Its superior attachment is to the skin over the region of the medial palpebral ligament and from the lacrimal bone medially. Inferiorly, it is attached into the skin around the lateral margin of the nares and into the medial edge of the levator labii superioris muscle.
Depressor septi muscle (Figs 1 and 6) This muscle is small and vertically orientated, attaching superiorly to the skin around the inferolateral boundary of the nares. Inferiorly, it attaches into the orbicularis oris muscle of the upper lip. It was not described by Pellatt (1979b) , and Sonntag (1923) stated that it is absent.
Caninus muscle (Figs 1 and 6)
The caninus is located deep to the depressor septi, levator labii superioris alaeque nasi and levator labii superioris muscles. It is attached superiorly to the maxilla at a level midway down the piriform crest.
Inferiorly, it is attached to the skin of the upper lip and to the orbicularis oris muscle. It was not described by Pellatt (1979b) .
Risorius muscle (Figs 1-3 and 6)
This is a thin set of fibres that passes horizontally from a cranial attachment at the junction of the orbicularis oris and depressor anguli oris muscles, caudally to the skin superficial to the platysma muscle. The risorius muscle stops approximately halfway over the masseter region. It was not described at all by Pellatt (1979b) but is described as part of the platysma muscle by Sonntag (1923) . Here, it is completely divorced from the platysma muscle.
Orbicularis oris muscle (Figs 1, 2 and 6)
The orbicularis oris is an exceptionally thick, multi- This is a flat, broad muscle attached superiorly to the inferior border of the orbicularis oris muscle almost to the midline of the face. It is attached to the skin over the mandibular body to a level approximately twothirds of the way to the region of the inferior border of the mandible. It is superficial to and clearly distinct from the platysma muscle, contrary to the description given by Pellatt (1979b) .
Mentalis muscle (Figs 1 and 6) The mentalis muscle is a small but robust muscle composed of fan-shaped fibres. Inferiorly, it is attached to the skin over the midline of the mandible at a relatively concise point. The fibres diverge in a fan-like fashion and attach superiorly to the skin over the inferior border of the depressor labii inferioris muscle. It lies deep to the depressor labii inferioris muscle.
Discussion
The present study described a variety of facial muscles in Pan troglodytes that have not been previously described or have been debated as to their existence (Sonntag, 1923; Pellatt, 1979b) . These include the risorius muscle, the depressor septi muscle, the corrugator supercilli and depressor supercilli muscles, the sphincter colli muscle, and the caninus muscle. Additionally, this study located deep and superficial heads of the zygomaticus major muscle. Clearly, the muscles of facial expression in P. troglodytes are far more complex than previously described and are far more similar to the arrangement seen in Homo than previously reported.
Part of the explanation for the greater number of muscles located in the present study may be due to the methodology. This study removed the face from the skull, preserving and separating the superficially located musculature (e.g. the risorius and zygomaticus minor muscles) from the more deeply located musculature (e.g. the levator labii superioris muscle). By using this methodology instead of the more traditional method of removing the skin and attempting to leave behind all of the musculature with the skull, a greater number of muscles may have been preserved.
In the scalp/pinna region, the present study confirms the findings of Pellatt (1979b) in locating a superficial and a deep head of the occipitalis muscle, but here a firm fusion of these muscles was located cranially.
Whereas Huber (1931) described the occipitalis muscle as being nearly vestigial, it is likely that he was describing only the superficial head of this muscle.
Similarly, Sonntag (1923) described the occipitalis muscle only as being attached to the occipital bone;
it is probable that he was describing only the deep head. In contrast to the findings of Pellatt (1979b) , we found the superior and anterior auricularis muscles to be distinct from one another. Whereas Huber (1931) described a robust tragohelicis muscle, none was found in the present study. However, and perhaps more importantly, a robust tragicus muscle was found in the present study, which Huber (1931) cites as being unique to Homo .
In the superciliary/orbital region, robust corrugator and depressor supercilli muscles were found, in agreement with Huber (1931) . This is of interest given differing reports of the presence of frowning in chimpanzees (Pellatt, 1979b; Ladygina-Kohts, 2002; Parr et al. 2002) .
However, the procerus muscle is completely divorced from the frontalis muscle, contrary to the findings of Huber (1931) . In the midface, the zygomaticus major muscle was found to possess both a deep head and a large superficial head, contrary to previous studies (Sonntag, 1923; Huber, 1931; Pellatt, 1979b) . Pellatt (1979b) described a zygomaticus major muscle and a separate, medially located malaris muscle. However, he showed these muscles as being arranged in a lateral to medial relationship and separate throughout their paths to the upper lip. Thus, it is unlikely that the arrangement of the zygomaticus major muscle found in the present study represents the separate muscles described in Pellatt (1979b) . The present study failed to locate, however, a separate malaris muscle. Pellatt (1979a) described a bifid zygomaticus major muscle in Papio ursinus ; however, this muscle has a common superior attachment to the temporal bone, later diverging near the upper lip. Finally, the present study located a distinct risorius muscle, a character often considered to be unique to humans (Huber, 1931) , but previously described by Sonntag (1923) as being merely a slip from the platysma muscle.
One of the major differences found in the present study between P. troglodytes and humans was the firm fusion and, often, intimate infiltration of the superficial fascia into some of the muscles, such as the deep head of the occipitalis muscle, the zygomaticus major muscle, and the depressors anguli oris and labii inferioris muscles. In these muscles, the superficial fascia was firmly blended with the muscle fascicles and slowed progression of the dissection. This is very different from the relationship between the superficial fascia and musculature in human faces (e.g. Stranding, 2004) where the superficial fascia typically lies only loosely on top of the muscle. Whereas the present study has revealed a generally greater anatomical similarity in the facial muscles between chimpanzees and humans, it has long been held that chimpanzees do not have as varied a facial signalling repertoire as seen in humans (e.g. van Hooff, 1972 van Hooff, , 1973 Preuschoft, 2000) . It is possible that the differential arrangement of the superficial fascia over the face may affect the ability of the facial muscle in question to contract in P. troglodytes , potentially reducing the resultant mobility of the facial mask in any given region. Further investigation into the histological arrangement of the fascia with the muscle fascicles is needed in order to answer this question, however.
As in Homo , the facial expression musculature in P. troglodytes was thickest and most numerous in the area of the oral cavity. P. troglodytes lives in loose multi-male/multi-female fission-fusion communities where the large group may frequently break out into numerous small groups, interact with other groups and then reunite (Nishida, 1979) . Males are generally dominant with a clear dominance hierarchy and frequent territorial disputes (Goodall, 1986 (de Waal & Aureli, 1996; Parr, 2003) .
P. troglodytes is reported to use a number of facial expressions to communicate various intentions (van Hooff, 1972 (van Hooff, , 1973 de Waal & van Roosmalen, 1979; Goodall, 1986; Parr et al. 1998 ). Many of these facial expressions in social contexts are reported to feature movements of the lips such as the silent bared-teeth and relaxed open-mouth displays (van Hooff, 1972; Parr et al. 1998; Waller & Dunbar, 2005) , and very few displays are noted to include movements of the orbital region, scalp or pinna. The preponderance of musculature associated with the oral region may indeed reflect these behavioural observations for P. troglodytes .
Comparative and phylogenetic considerations
Gross muscle findings from the present study provide some insight into both the behavioural aspects of P. troglodytes facial expression and the evolution of primate facial expression and its associated musculature. Most work into primate facial expression, both anatomical and behavioural, has used as a foundation the notion that the complexity of muscles increases from the most primitive primates, the lorisoids (Prosimii:
Lorisiformes), to the catarrhines (Anthropoidea: Catarrhini), and on into the hominoids, with the highest level of complexity being found in the hominines (Catarrhini:
Hominoidea: Hominidae: Homininae), Homo being situated at the apex of the scale (Murie & Mivart, 1872; Ruge, 1885; Gregory, 1929; Huber, 1931; Schultz, 1969) .
Recent work, however, has called this foundational framework into question (Burrows & Smith, 2003) , finding far greater complexity in lorisoid musculature than previously reported. In addition, facial musculature found in P. troglodytes in the present study similarly is more complex than previously reported. Indeed, the musculature found here in P. troglodytes shows only minimal difference from that of Homo (e.g. the presence of deep and superficial heads of occipitalis muscle). The presence of deep and superficial heads of zygomaticus major muscle is not particularly surprising, given the great variation in the structure of this muscle in Homo (e.g. Stranding, 2004) . Aside from the minor variations, there is no foundation for claiming greater complexity in Homo facial expression musculature.
The muscles of the scalp and pinna regions are greatly reduced in P. troglodytes compared with those of a typical lorisoid, Otolemur (greater galago) (Burrows & Smith, 2003) . Otolemur possesses a number of muscles that connect the scalp to the pinna (e.g. attrahens aurem and occipitofrontalis muscles) and small, discrete muscles that move the pinna (e.g. atollens aurem and retrahens aurem muscles). In Otolemur , the majority of facial expression musculature is located around the pinna and in connections between the pinna and the lips (e.g. the auriculolabialis muscles) (Burrows & Smith, 2003) . Very little musculature is located in the midface and only a small number of muscles are connected to the lips, contrary to the scenario in P. troglodytes and
Homo . Behavioural studies report the frequency of pinna movements in Otolemur , both for hunting purposes and in social contexts (Charles-Dominique, 1977; AnkelSimons, 2000) , while the connections between the pinna and lips may represent mechanisms for drawing back the lips in use of the vomeronasal organ, which is quite large in Otolemur (Smith et al. 2001 (Smith et al. , 2002 Dennis et al. 2004 ), similar to the behaviour seen in Lemur catta (Bailey, 1978) .
As facial expression musculature is examined in catarrhines from cercopithecoids up to Homo (Huber, 1933; Pellatt, 1979a) , the discrete individual muscles associated with the pinna and the connections between the pinna and lips in lorisoids is no longer apparent.
Instead, there is a concentration on musculature associated with the upper lip (Huber, 1931 (Huber, , 1933 Andrew, 1963; van Hooff, 1973; Swindler & Wood, 1982) . Indeed, many of the facial displays of catarrhines, including
Homo , concentrate on movements of the upper lip and midface in general (e.g. Preuschoft, 2000; Ekman et al. 2002; Waller & Dunbar, 2005 ) with a corresponding decrease in relative size of the vomeronasal organ (Smith et al. 2001 (Smith et al. , 2002 . Given the results of the present study, Burrows & Smith (2003) and Sherwood et al. (2003 Sherwood et al. ( , 2005 , the traditional 'phylogenetic framework', sensu
Huber, seems to be a questionable model for understanding primate facial expression and its evolution.
Given the call for increased emphasis on soft-tissue anatomy in phylogenetic analyses (Gibbs et al. 2002) , future studies using both a wider taxonomic sample along with functional and developmental data may indeed shed light on the phylogenetic basis of primate facial musculature.
